Introduction
Most developing country farmers producing for international markets rely on pesticides for agricultural production (Thrupp et al, 1995, Maumbe and Swinton, 2003) . The warmth and humidity of tropical climates exacerbates the pest and disease problems (Okello, 2005) . Due to standards for cosmetic quality in export markets for fresh fruits and vegetables, the use of pesticides has been especially pronounced in production of these products in the tropics. Production and export of fresh produce from developing countires have witnessed major growth in many developing countries seeking to diversify their production from staples to high value commodities. Growth has especially been greatest in the fresh fruits and vegetables (FFV) and in the flower subsectors. In Africa, for instance, exports of FFV experienced a spurt in growth in the 1980s and 1990s as markets for major traditional exports (e.g., coffee, tea and cocoa) experienced a downturn. Most of these non-traditional exports were destined to Europe (with UK, Holland, Germany, and Italy being the leading importers) (Okello et al, 2008) . Figure 1 presents the trends in exports of green beans, a major non-traditional export, by three of the leading exporters of fresh vegetables from Africa. It shows an increase in exports of green beans between 2000 and 2006 in all these countries. Kenya is one of the leading exporters of fresh vegetables to Europe, and especially the United Kingdom (UK). Figure 2 shows the recent expansion of green bean exports, highlighting the growth in those destined for the UK. The strong expansion in green bean exports is largely targeted at European consumers who demand aesthetic quality attributes such as spotlessness that generally encourage increased use of pesticides (Farina and Reardon, 2000) . The demand for cosmetic quality attributes (color, shape, spotlessness) has been held responsible for increasing pesticide use in the production of fresh exports from developing countries. Thrupp et al (1995) and OhayoMitoko (1997) document cases of widespread use of pesticides in Asia and Kenya respectively. Excessive use of pesticides in Kenyan horticultural industry has also been reported by Mwanthi and Kimani (1990) , Okado (2001) and Jaffee (2003) . These studies suggest that many Kenyan fresh export vegetable farmers used pesticides indiscriminately, in some cases, applying pesticides meant for other crops (such as coffee) on fresh vegetables. Concern with the health consequences of excessive use of pesticides on consumers' medical health and safety of farm workers and the environment in general led developing country governments to revise their pesticide residue standards. These revised international food safety standards (IFSS) have introduced a new order in the use of pesticides in production of fresh vegetables destined for sale in developed countries. They require that only pesticides that are safe to farmers and farm-workers, other non-target species and the consumers be used in production of vegetables for exports. However, the safer pesticides are often either more expensive or less efficacious (Jaffee, 2003) . At the same time, farmers and pesticide applicantors are required, under IFSS, to handle, apply and discard leftover pesticides safely in order to reduce the hazards they pose to non-target animal and plant species. These requirements are reinforced by f a r m e r t r a i n i n g o n s a f e u s e, storage and disposal of pesticides and enforced via close monitoring for compliance. African analysts have alleged that the expected benefits to European consumers would impose unacceptable costs on African producers, especially smallholders (Mungai, 2004) . Hence, the welfare effects of African producers compliance with European IFSS have been a subject of intense debate. Theoretically, IFSS are expected to induce some changes in pesticide usage and in the returns farmers receive from beans. Such changes can affect the profit margins earned but can also theoretically reduce the costs of health impairments as a result of reduced exposure to toxic pesticides. This chapter examines the effect of implementation and enforcement of IFSS in the green bean industry in Kenya. It specifically discusses these effects in the context of benefits to farm households and the environment and costs of complying with IFSS. The chapter focuses on health costs on exposure to pesticides, the use of environmentallyfriendly pest and disease control strategies and the changes in consumer margins resulting from compliance with IFSS. 
Historical perspectives of the Kenyan green bean industry and the IFSS
Kenya's fresh export vegetable industry is one of the oldest in Africa, having started in the 1950s with off-season exports of fresh fruits and vegetables (FFV) to the UK (McCulloh and Ota, 2003, Okello, 2010) . The shipments started with the launch of regular passenger flights between Kenya and Western Europe. The first consignment was flown to the UK in 1957. Subsequently, few hundred tons of FFV were annually shipped to a single wholesaler in London's Convent Garden Market from where they were eventually sold to high-class hotels, restaurants and department stores (Okello, 2010 The diverse standards are primarily aimed at promoting practices that encourage farmers and pesticide applicators to adopt practices that protect them and the environment from hazards of pesticide exposure. These practices include i) wearing full pesticide protective gear, ii) handling pesticides in ways that ensure safety to farm family members and farmworkers, iii) bathing immediately after spraying or when pesticides accidentally come into contact with the skin, iv) storing pesticides away from foodstuffs in fully secured pesticide storage units with adequate ventilation, v) disposing of pesticide containers and leftover pesticides in ways that do not threaten the health of humans or animals, iv) discontinuing the use of unapproved (usually more toxic) pesticides, and v) using pesticides only when needed (especially when pest scouting reveals the need to apply them). Farmers and farm-workers can get exposed to pesticides through four primary routes namely ingestion, inhalation, dermal absorption, and absorption through the eyes. Okello and Swinton (2010) highlight the various ways in which individuals in a farm situation can get exposed to pesticides. These include entry into freshly sprayed field, eating while spraying pesticides, and skin contact with liquid, powder or aerosol forms of pesticides. Exposure to toxic pesticides can result in health hazards in the form of acute or chronic illnesses (Maumbe and swinton, 2003) . Common pesticide induced illnesses include skin irritation, eye irritation, gastrointestinal irritation, respiratory irritation, headaches, shortness of breath, dizziness, cancer, neurological problems, stillbirth and abortion. The rationale behind enforcing IFSS was that they can help reduce the hazards posed to farmers' health and the environment by pesticides. Past studies have documented strategies that avert exposure to pesticides. Such strategies include wearing pesticide protective clothing during mixing and application, using properly secured pesticide storage units and disposing of pesticides in secured disposal pits (Antle and Capalbo, 1994; Maumbe and Swinton, 2003) . Other exposure averting strategies include observing the interval between the application of pesticides and date of harvest, washing hands before eating, washing the protective clothing before next use, and combining pesticide application with other pest and disease control strategies. However, farmers can also reduce the health risks of pesticides after exposure has occurred by using mitigating strategies such as washing off pesticides from skin when there is accidental contact, removing clothes and taking a bath when there is accidental leakage of the spray pump, and taking medication. IFSS promote the use of these pesticide exposure averting and mitigating strategies. So how does compliance with this array of standards affect farmer health costs of exposure to pesticides, the use of environmentally-friendly practices and farmer profit margins? We turn to these questions after briefly presenting the methods used in this study.
Study methods

Theoretical framework
In order to examine the effect of IFSS on Kenyan fresh produce industry, we categorized green bean farmers into two groups namely, growers who supply exporters that monitor and enforce IFSS (i.e., monitored farmers) and those that supply non discerning exporters (non-monitored farmers). Pesticide usage may benefit farmers because it enhances the aesthetic quality of the produce, potentially enabling farmers to sell more quantity at higher prices. However, pesticide exposure may also be harmful to farmer health. The relationship between pesticide handling and usage by a farmer and health status (h(.)) can be expressed algebraically as a function of farmer specific variables (f), behavioral variables (b), exposure to pesticides (e(.)) which increases with pesticide inputs use (x), but decreases with pesticide exposure averting (a) and mitigating (m) variables. Health outcome is also assumed to be affected by doctor-prescribed and self administered treatment expenses (Φ) and institutional factors (z). Thus following previous authors (Cole et al, 1998; Strauss and Thomas, 1998; Hurley et al, 2000) :
h=h [f, b, e(x, a, m) , Φ(e), z)
Equation 1) implies that the health outcome of a farmer depends upon the set of strategies employed during pesticide handling and application, among other factors. These strategies specifically include pesticide averting (a) (e.g., protecting clothing, secured pesticide storage units, fenced disposal pits, and the use alternative pest management strategies) and mitigating (m) strategies (treatment, washing pesticides off the skin when there is accidental contact, removing clothes and bathing when there is accidental leakage of the spray pump). The farmer uses pesticide and non-pesticide inputs to produce output (q) given by:
where q is the output of beans, x is a vector of pesticide inputs, v are non-pesticide inputs (e.g., fertilizer); T is the total effective field labor requirement comprising effective family labor, (l(h)) and hired labor (r). Since exposure to toxic pesticides impairs health, we assume that effective family labor depends on the health outcomes. For instance, illness resulting from pesticide exposure is likely to cause loss in labor time as the victim recovers. We assume that the hired labor bears the cost of health impairments due to exposure to pesticide via inability to work when sick. Finally, k is a vector of capital factors, and z is as earlier defined. Farmers who are monitored for compliance with IFSS produce beans under contracts that specify output volume, output price and other non-pesticide inputs; hence these are assumed to be predetermined. The farmer's optimization problem is to choose x, a, m and Φ to minimize the combined production and health costs subject to labor availability and contracted output level and quantity q o . The optimization function can be expressed as:
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The farmer minimizes the combined costs subject to two constraints namely that, i) it produces no less than the contracted output ( 0≥ ) and ii) the total effective field labor is at least equal the sum of family and hired labor (T ≥ l(h)+ r ). This optimization problem can be expressed mathematically by a Lagrangean function (L) as:
The Lagrange multiplier φ represents the marginal value of added output while λ is the marginal cost of labor. We assume that the cost and production functions are concave and that exposure to pesticides leads to poor health while using strategies that avert or mitigate exposure to pesticides improves the health status of the farm household. At the same time, doctor-prescribed or self administered treatment expenses improve health status. We further assume that improved health outcome increases the availability of effective family labor. Solving the Equation 4) yields the medical health and input demand functions (Okello and Swinton, 2010; . The input demand functions include the demand for pesticide exposure averting strategies (a). One such strategy is the use of alternative pest management strategies, which reduces overdependence on the chemical control of pests and diseases and is therefore friendly to the environment. Comparative static analysis shows that optimal use of pesticides requires consideration of farmer health whose costs can be reduced by using less toxic pesticides, employing more pesticide exposure averting and mitigating strategies and relying on medical treatment. Green bean exporters supplying major EU supermarkets train their farmers on safe use, storage, and disposal of pesticides as well as the need to use alternative strategies of managing pests and diseases. The use of alternative pest management strategies and switching to safer approved pesticides may however present a challenge to green bean growers. First, the new (safer) pesticides may be less effective in controlling the target pests and diseases (i.e., less efficacious). Second, the new approved/safer pesticides tend to be more expensive than the unapproved ones (Jaffee, 2003; Okello, 2005) . Consequently, the switch to new/approved pesticides may increase the cost of production. In sum, if the approved pesticides are less efficacious and more expensive, the overall effect of complying with the standards will be a reduction in margins earned from the sale of the beans. We therefore hypothesize that farmers who comply with IFSS will receive lower margins than their counterparts.
Study area and data
This paper draws from a study based on 180 green bean family farmers in Kirinyaga and Kerugoya-Kutus districts (located in Central province of Kenya) and Kangundo district (located in Eastern province of Kenya). The study was conducted between October 2003 and June 2004. A list of major green bean growing villages (primary sampling units) was drawn. From the list, 30 villages having both IFSS compliant and non-compliant farmers were randomly selected. Six farmers were then randomly sampled from each of the 30 villages, stratified by compliance with IFSS, giving a total of 180 farmers. Information was collected through personal interviews using questionnaires. Information on pesticides used was also collected. Pesticide toxicity of the pesticides reported by farmers was looked up from the World Health Organization (WHO) toxicity classification and the pesticides categorized as class 1 (very toxic), class 2 (toxic), class 3 (slightly toxic) and class 4 (unharmful) (World Health Organization, 2005) . The WHO class 4 pesticides were omitted from further analysis because they are not usually considered hazardous to users (Maumbe and Swinton, 2003) . Detailed cost and output data was gathered from six carefully selected green bean farmers in the study areas. Of the six farmers, three were producing beans for exporters who supplied UK supermarkets and hence routinely monitored compliance with IFSS under a contract while the other three sold their beans in the spot market, hence no IFSS monitoring. All the six farmers had 0.5 acres under green beans, which was the mean farm size for small family farms for the last crop of green beans grown in 2003.
Empirical methods
In order to address the three hypotheses above, this study used a combination of quantitative techniques. The first technique used was the cost of illness approach. Under this approach, health cost of exposure to pesticides is approximated by the direct and indirect costs incurred as a result of being sick from pesticide poisoning. Specifically, farmers were asked if they experienced pesticide-induced illness symptoms immediately following the application of pesticides in beans. When the answer was affirmative, the farmer was then asked what the illness was, the time taken to recover, time of travel to medical health facility and the cost of medicines. Time lost due to illness was then converted into monetary values using prevailing wage rate. Thus both the direct and indirect costs of pesticide exposure were collected. The indirect costs were approximated by the days lost (when farmer could not work in the field due to pesticide-induced illness). The direct costs were, on the other hand, measured by the medical doctor-prescribed and self-administered treatment (including consultation fee and cost of medicine) and the cost of travel to health facility. These indirect and direct costs were then summed to obtain the total health costs of exposure to pesticides which was then used as a dependent variable in a health cost regression model to test the benefit of monitoring farmers for compliance with IFSS on the costs of exposure to pesticides. The health cost model also included several conditioning variables namely, farmer specific variables (e. (Vittinghoff et al., 2005, pp. 309-310) . In estimating both models, we dropped the practices variables most emphasized under the IFSS (namely, pest scouting, sprayer maintenance, and use of protective gear) because including them alongside the monitoring variable resulted in "double counting". Other variables that added little information to the two models were also dropped when a Wald joint exclusion restriction tests showed that they had no significant effect on the models' explanatory power. Some of the observations contained zero values hence could not be directly transformed into natural logs. These were health cost, class1 pesticides, class 2 pesticides and class 3 pesticides. Less than six observations in the health cost and class 2 pesticides had zero observations, hence they were log-transformed after first adding 0.5 to all observations. However, class 1 pesticides and class 3 pesticides had several zero values and were therefore log-transformed after performing Battese (1997) dummy variable transformation method in order to identify zerovalued observations without bias to the analysis. The third technique used was the simple gross margin analysis. It involved computing the revenues and costs of producing green beans among the farmers that were monitored for compliance with IFSS and their counterparts. The revenues and variable costs of producing beans were computed for each of the three selected farmers and then averaged over each category of famers to obtain the gross margin/acre. The revenues and costs were measured for the last crop of beans grown in 2003. Two sets of prices were used to compute green bean revenues namely, the contract price for the monitored farmers (i.e., growing beans under contract) and the season's average spot market price for the non-monitored farmers. Table 2 summarizes the statistics for the key variables and also presents the results of paired t-tests of equality of means between monitored and non-monitored farmers. ----------------------------------------------------------------------------------------------------------------------------- 
-------------------------------------------------------------------------------------------------------------------------------
Adapted from Okello and Swinton (2010) * Kenya Shillings (Exchange rate in 2003 was US$ 1 = Kshs 78). + Total includes gastrointestinal irritations, which were too infrequent to count separately. Table 2 . Summary statistics of key variables used in the analysis As shown, monitored farmers experienced lower health costs of exposure to pesticide and used, on average, significantly higher number of alternative pest management practices than the unmonitored. Mean health costs associated with pesticide exposure were Kshs 186 for monitored farmers and Kshs 261 for the non-monitored. At the same time farmers who comply with IFSS received higher but more variable bean yield and income than their counterparts.
Notably, Table 2 shows that there are significant differences in the incidence of acute pesticideinduce illness between the monitored and non-monitored farmers. The former had lower mean number of skin irritations than the latter. Indeed, the average count of total 1 acute pesticide-induced irritations experienced by green bean farmers was much lower and strongly statistically significant among monitored farmers than their counterparts. With regard to pesticide use, however, there are no significant differences between monitored and non-monitored farmers, except for class 2 pesticides. Indeed t-tests of difference in mean quantity of active ingredients per farm applied by monitored and nonmonitored farmers are insignificant. This finding suggests that monitored farmers are still using toxic class 1 pesticides as much as their non-monitored counterparts. The continued use of class 1 pesticides by monitored farmers in controlling pests and diseases in beans is largely due to the dilemma monitored farmers face. The very market that demands the use of less toxic (but often less efficacious) pesticides also demands aesthetic quality attributes (e.g., spotless and straight beans) which are hard to meet without chemical control of pests and diseases. In the section below, we investigate these findings further using regression and gross margin analysis to specifically test if they are caused by monitoring farmers for compliance with IFSS.
Results
Effect of IFSS on pesticide-related cost of illness
As hypothesized, monitoring farmers for compliance with IFSS significantly reduces pesticide related health costs (Table 3) . It reduces the log of health costs of exposure to pesticides by 0.80 units. Several other factors also condition the health costs of exposure to pesticides. Among the farmer specific variables, education reduces health costs while and income increases it. An additional year of education beyond the mean of two reduces health costs of pesticide exposure by 18 percent. The elasticity of health cost with respect to income is 0.53 implying that income is associated with increased health costs of pesticide induced illnesses. That is, farmers who earn greater income from beans (hence likely to have grown larger areas) get more exposed to pesticides and hence incur higher health costs. As expected, results also show that the primary pesticide applicators incur higher health costs. Although not surprising, it corroborates previous findings by Harper and Zilberman (1992) from U.S. agriculture. Among the mitigating and averting variables, pesticide applicators who change clothing contaminated by pesticides and wash off the pesticides from their bodies (change clothing) following accidental leakage by the spray pump experience lower cost of pesticide illness than those who do not, presumably because they reduce duration of skin contact with pesticides.
Effect of IFSS on the use of alternative pest and disease management strategies
The finding that the use of pesticide averting and mitigating strategies reduces health costs of exposure to pesticides led us to investigate further whether monitoring farmers for compliance with IFSS increases the use of such strategies. In particular, we focused on strategies that are likely to benefit the environment namely, the alternative disease and pest management strategies. We therefore estimated survey Poisson regression model to test the effect of monitoring farmers for compliance with IFSS on number of such strategies used. 
Dependent variable: Natural log of farmer's direct and indirect health costs* of pesticide exposure in Kenya Shillings * To health cost variable, we added 0.5 KSh to all observations before log transformation to accommodate 6 cases of zero health costs; likewise we added 0.5 g/farm to observations of Class 2 pesticide quantity due to 1 zero value. For Class 1 and 3 pesticide quantities, we created new dummy variables to signal zero values, replacing the pesticide quantity zeroes with 1's so that their log transformed values were zero (Battese, 1997) in order to remove bias from the estimation. Source: Adapted from Okello and Swinton (2010) We selected a Poisson regression model because the dependent variable, namely the number of pest and disease management practices (apmp) used by a farmer, is a count variable. The results of this exercise are presented in Table 4 . As hypothesized, monitoring farmers for compliance with IFSS increases the expected number of alternative pest and disease management strategies used by the farmers. Other things being equal, the expected number of such alternative pest and disease management practices (apmp) used by monitored farmers is approximately 30% higher than for those that are not. 
Dependent variable: Number of alternative pest and disease management practices used by the farmer Source: Adapted from A number of the conditioning variables also affect the number of apmp used by farmers. Among the farmer specific variables, gender and education increase the expected number of apmp used. The expected number of alternative pest management practices used by male farmers is approximately 28 percent higher than for female farmers. At the same time, increasing the mean years of education from 2 to 3 increases the number of apmp by 10 percent. Results also show that cigarette smoking reduces the expected number of apmp used by farmers. A number of institutional factors also affect the number of alternative pest and disease management strategies in green beans. These include distance to clinic, extension, radio and experience. These factors increase the expected number of apmp used in controlling pests and diseases in beans. Other things being equal, increasing the log of distance to the clinic by one hour of travel time increases the number of apmp by about 20 percent while an additional contact with public extension personnel increases the expected number of apmp by 0.5 percent. The results further show that experience in growing beans increases the expected number of apmp used, probably because of familiarity with the hazards of exposure to pesticides. Each additional year of farming experience beyond the mean increases the expected number of apmp used by 0.4 percent. Among the exposure enhancing variables, results show that the use of the more toxic class 2 pesticides increases the expected number of apmp used.
Effect of IFSS on margins earned by green bean farmers
A major concern of many developing country exporters upon the onset of IFSS was that the standards would marginalize the poor family farmers (Mungai, 2004; Okello, 2005) . Hence we investigated how compliance with IFSS affected the profit margins earned by farmers. Figure 2 presents the results of the analysis. As shown, monitored farmers received higher revenues from growing beans than their counterparts. The higher revenues obtained by monitored farmers resulted primarily from selling more beans due to better access to UK market than the unmonitored. Interestingly, monitored farmers did not receive premium price from their buyers despite having to comply with the IFSS (Okello, 2005) . The average price of beans paid to monitored farmers under the contract remained stable at KShs 40/kg during the period. Monitored farmers incurred higher variable costs of producing beans, as expected. The high variable costs likely resulted from new, more expensive pesticide products. For instance, at the time of this study, farmers were required to switch from the use of Dimethoate (a class 2 fungicide with long required interval between spraying and harvest) to Ortiva (a class 3 fungicide with a shorter interval). However, Ortiva (the new pesticide) cost 2.5 times as much as Dimethoate. Indeed, switching to approved pesticides contributed to 20% of the difference in costs of producing green beans between the monitored and non-monitored farmers.
Overall, contrary to our theoretical expectations, monitored farmers received higher margins from growing beans than their counterparts. The average gross margin for monitored farmers was 13% higher than for their counterparts indicating that IFSS does not really marginalize the poor family farmers who grow beans under strict monitoring for compliance with IFSS.
Conclusions
This research finds that compliance with international food safety standards (IFSS) reduces the incidence of pesticide-induced acute illness and the health costs associated with exposure to pesticides. Farmers who were monitored for IFSS compliance incurred much lower health costs and also experienced much fewer acute pesticide-induced illnesses than those who were not. The paper also finds that compliance with IFSS promotes the use of integrated pest and disease management strategies. The judicious use of pesticides has implications for sustainable production of non-traditional fresh exports in developing countries as it reverses the "circle of poison" pattern reported in Asia and instead promotes a circle of virtuous pesticide care in use. We further find that while compliance with IFSS increases the cost of green bean production, higher revenues result in the profit margins earned by IFSS compliant farmers that exceed their domestic counterparts who are not monitored for compliance. These higher margins emanate from greater access to the export market by farmers monitored under contracts. This study therefore concludes that compliance with IFSS therefore brings health and environmental benefits in addition to the acknowledged access to high value overseas markets. Contrary to early concerns that IFSS compliance would marginalize poor family farmers, IFSS compliance has brought financial gains and many Kenyan smallholder farmers have found cooperative ways to gain access to these export markets (Okello and Swinton, 2007) . Despite the health and financial gains, IFSS compliant farmers do not use less toxic pesticide active ingredients in fresh vegetable production than their nonmonitored counterparts. The international market demand for clean, well-formed and spotless vegetables continues to require rigorous pest control that favors the use of efficacious pesticides.
